I. INTRODUCTION U NDERGRADUATE and graduate students in the Depart-U ment of Electrical Engineering at Texas Tech University are exposed to modem optics in both the classroom and laboratories. In this paper we discuss a number of innovative features of the various programs and in particular, the use of laboratory experiences. These laboratory experiences have significantly expanded the capabilities of the students and resulted in graduates whose training has been sought by industry. The programs stressed at the undergraduate level include the project laboratories, undergraduate laboratory assistantships, and the NSF-sponsored Undergraduate Research Participation Program, and at the graduate level, a broad spectrum of opticsrelated research programs. 
II. UNDERGRADUATE PROGRAMS
A. The Phdosophy A key feature in the education of undergraduate electrical engineering students at Texas Tech University is the use of the laboratories to provide intellectually "stretching" experiences. Some five semesters of laboratory experience are oriented around the project laboratory concept. Project laboratories are not the highly structured "cookbook" type, which effectively repeat the concepts presented in classroom lectures; instead, project laboratories teach the student to independently design, construct, test, and present the results of various engineering "projects." In the junior and senior laboratories, many of these projects are in areas where the student has not received fonnal classroom instruction; therefore, he is required to learn new material almost entirely on his own, with only general guidance provided by his project advisor. We believe this "learning to learn" aspect of the undergraduate laboratory experience to be most important because it prepares the student for engineering practice in an environment where most learning takes place on the job. Additionally, this format makes the project laboratories useful for exposing the students to rapidly developing areas, including many topics in modern optics.
0018-9359/80/0500-0118$00.75 C 1980 IEEE Besides being exposed to modern optics through the project laboratories and in the classroom, a number of students are exposed through hourly employment as undergraduate laboratory assistants in the various research laboratories. Depending on their abilities, their tasks may include assisting in the specifying and purchasing of research equipment and supplies, construction of research equipment, or actual participation in an ongoing research program. Many of these students have subsequently received regional and national recognition for their work as a result ofjournal articles, participation in conferences, and participation in the IEEE Student Paper Contest.
A third way in which undergraduate students are exposed to modem optics is through the NSF-sponsored Undergraduate Research Participation Program. Students particpating in this summer program are assigned actual research projects under faculty supervision. The program has introduced optics research to a number of students, not only from Texas Tech, but from other regional schools as well. The details of these programs and others are discussed in the following subsections. These broad-based efforts in optics education have naturally stimulated student interest in optics courses. Over the past eight years we have offered senior electives in such areas as a basic introduction to modem optics, electrooptics, fiber optics, lasers, and quantum electronics. Because of these courses, many students have been motivated to attend graduate school in an area of modem optics.
In accord with our education philosophy, the project laboratories are not coupled to the elective optics courses, so a student may well be introduced to optics through an assigned project laboratory without having been introduced to the con- cepts in a course. The project laboratories thus supplement the course work as well as complement it. This philosophy has been well received by the students and by their future employers.
C. Undergraduate Participation in Research
The optics-related research program in the Department of Electrical Engineering is currently very active, and a recent issue ofEngineering Education [51 showed the Department to be very highly ranked in terms of research funding per faculty member. The Tech faculty is aware that vigorous faculty participation in research can have deleterious side effects on the quality of undergraduate education and have made strenuous efforts to avoid these effects. Our program for undergraduate participation in research is an example of one area in which undergraduate education has actually benefited significantly from the faculty research activities.
We have found that the opportunity to participate in an active research program can be invaluable to a student. Ideas and techniques learned in the classroom are given form and meaning when used to solve naturally encountered real problems. Working on a problem over an extended period of time develops ability in analytic thinking and problem solving. Finally, even modest success in the research program improves self-confidence, especially when the student is able to take responsibility for his work assignment.
Undergraduate participation in research is accomplished and encouraged through two programs: undergraduate research assistantships, and the NSF-funded Undergraduate Research Participation Program, in which Tech's EE Department has participated for approximately ten years.
The undergraduate research assistantships are generally funded directly through the research program involved. Students are chosen not only for their ability, but also for their motivation and interest. They are assigned projects consistent with their level of ability. Generally, the first assignments are fairly menial, but many students rapidly progress to much more complex projects directly related to the goals of the re- To round out the students' experiences in these research participation programs, we strongly encourage them to enter the IEEE Student Paper Contest. Besides the thrill of competition, they acquire important experience in writing and public speaking. Students from Texas Tech have done well in this contest, placing in the top three in the Region V contest in three of the past four years.
III. GRADUATE PROGRAMS A. Philosophy
A major thrust of the graduate education program in the Department of Electrical Engineering at Texas Tech is to get the students involved as soon and as deeply as possible in active research programs. We believe the most important thing we can teach a student is how to learn for himself, and the best way to acquire this skill is through practice-learning ideas and concepts needed to solve problems encountered in carrying out a research project. Formal classroom experience provides useful knowledge but does little to develop this important skill since it involves a somewhat artificial and highly structured environment. Accordingly, a thesis is required of all masters degree candidates, and all graduate students, even those in their first year, are strongly encouraged to become involved in a research program in the Department.
It is hoped that the student's intellectual capabilities will mature in the graduate program. If his education were entirely dependent on his research experience, however, there would be large holes in his knowledge of existing techniques and concepts for solving problems in his field. Formal graduate classes are intended to overcome this problem and insure that every graduate has the full complement of basic problem-solving tools. The research experience is intended to enable him to develop skills in applying these tools.
Graduate students are required to take a number of general courses. Electrical engineering is arbitrarily divided into six general areas, and a masters student is required to take at least one course in four of these areas. Additionally, more specialized courses are also offered where needed to complement a broad area of research activity.
To properly implement a graduate program utilizing this philosophy,vigorous faculty participation in research programs of current interest is mandatory. Fortunately, this requirement is met at Texas Tech. The following subsections contain brief descriptions of the optics-related research programs currently under way at Texas Tech. They indicate the range and depth of our commitment to an active research program in optics.
B. Optical Systems Research
Optical systems research at Texas Tech centers around the application of systems concepts and techniques to a variety of problems in optical data processing, holography, optical communications, digital image processing, and pattern recognition. Some of the facilities used in the research programs include optical stable tables; argon-ion and helium-neon CW lasers; optical benches, mounts, and accessories; optical spectrum analyzers; electrooptical and electromechanical beam scanners; electronically scanned diode arrays; and darkrooms for photographic processing. In addition, a high-quality facility for digital image processing and display is presently being assembled. Funding for the various research projects in this area have been provided by the National Science Foundation, Fig. 3 An important problem area with optical processors is the development of spatial light modulators as "interfaces" between the electrical signal inputs and the optical signals to be processed by an optical processor. Prof. Krile is examining the possible uses of a magnetooptical device as an interface with an optical processor. He is also interested in fiber-optic acoustic sensors and other applications of fiber optics in optical communications and signal processing. Prof. Hagler has been looking into techniques for placing a laser in a feedback loop so as to achieve an optical operational amplifier. This device would be a two- A strong effort is directed toward utilizing optical pumping techniques to develop new lasers in the mid-infrared. A novel, single-frequency, tunable, CO2, TEA laser is used to provide a high-quality pump source in the 9 to 11 um range. This facility allows the study of the basic physical features of the optical pumping process as they relate to the stability and efficiency of optically-pumped lasers. Besides this work, new optically pumped lasers in the mid-infrared are sought using either the CO2 pump or a 4 um HF laser pump.
InfraredDetectorDevelopment: Efficient, sensitive detectors of infrared radiation are presently needed for a number of applications ranging from infrared astronomy to night vision devices. A promising system of this type has been invented by Prof. Gundersen. The detector operates by frequency upconverting the infrared radiation to visible light, which may be efficiently detected either with conventional photodevices or by eye. A great deal of development work remains to be done, and such work is currently under way. This research is supported primarily by the National Science Foundation.
Impurity and Defect States in Semiconductors: Impurities and defects play an important (often detrimental) role in the operation of many semiconductor devices, but the detailed physical properties of the electronic states of many such centers are poorly known. For example, GaAs is commonly used in fast microwave and light emitting devices. Impurity-related states such as deep traps can have deleterious effects on device speed and efficiency, but little is known about these states. For these reasons, a research program to investigate these defect states is being pursued by Profs. Gundersen and Williams. Spectroscopic analysis of photoluminescence from doped semiconductor samples is the main experimental technique used in this work. A unique feature of this research is the use of two excitation lasers. One laser, usually in the visible or near infrared, is used to populate an electronic state of a defect complex, and then a second laser, usually in the mid-to-far infrared, is used to probe the excited state structure of the complex. This work is proceeding under close cooperation with several semiconductor device groups at Texas Instruments, Inc.
D. Plasma and Pulsed PowerApplications
Various optical diagnostic techniques are being used for a wide range of plasma studies at Texas Tech. Lasers are also being used to trigger spark gap closure in two separate studies. Much of the spark gap work is carried on under the Coordi- Laser-Triggered Electrical Discharges: This effort is motivated by the need for fast low-jitter high-current switches. At present, spark gaps are the best solution for many such switching problems, but they often suffer from long closure times and excessive temporal jitter. Laser triggering of these gaps can in many cases significantly reduce closure times and temporal jitter, making such gaps advantageous in a number of applications. One effort at Texas Tech is aimed at studying the characteristics of laser-triggered breakdown as a function of the various parameters important to the process, such as gap voltage, gas pressure or chemical constitution, and laser power and focusing. Another effort is examining the use of fiber optics to introduce the laser trigger into the gap and to provide optical delay lines for the trigger.
Optical Diagnostics ofPlasmas: Optical diagnostics are useful for studying plasmas because they are generally nonperturbing and fast. A number of research programs at Texas Tech utilize these techniques. In one study, optical spectra from a laser-triggered discharge are obtained using a computercontrolled, time-gated, optical multichannel analyzer that may be coupled to a variety of spectrographs. In another area, optical spectroscopy is used as a diagnostic for the Texas Tech Tokomak, and for a laser heating experiment in which a plasma is heated through parametric interaction with a powerful CO2 pulsed laser. In another area, laser-induced fluorescence spectroscopy is being used as another time-resolved plasma diagnostic. Additionally, a program in multiphoton ionization spectroscopy has recently been initiated to study the importance of multiphoton ionization processes in laser triggering of spark gaps and in streamer propagation in high voltage breakdown. 
